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Abstract
In this contribution a concept for a torsional oscillators which is electromagnetically driven and read-out is presented. The
aim is to experimentally investigate a principle feasibility for a torsional resonator with application for viscosity and mass
density sensing. Such a device is particularly interesting as cylindrical torsional resonators for ﬂuid sensing applications are
hardly reported but unlike other devices, would yield pure shear wave excitation in the liquid. The design of ﬁrst conceptual
prototypes and measurement results obtained with these devices are presented.
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1. Introduction
Recently, we investigated various resonant sensors for liquid viscosity and mass density, see e.g., [1], which were par-
ticularly designed to be operated in the low kilohertz range. Amongst these devices, in-plane oscillating platelets emitting
mainly shear waves into the sample liquids were investigated, see e.g., [2] and [3]. Generally used shear oscillating res-
onators (shear oscillating quartz crystals, in-plane oscillating platelets, etc.) have in common, that besides the desired shear
waves, compressional waves are also radiated into the liquid, resulting e.g., from non-uniform shear displacement [4], the
resonators’ ﬁnite thicknesses, and spurious out-of-plane modes e.g. from the plate itself or of supporting beams. Potential
candidates for resonators which only emit shear waves into the test ﬂuid are cylindrical torsional oscillators.
In this work a concept for electromagnetically driven and read-out torsional oscillators is presented. Two principle
prototypes were manufactured and experimentally tested in air, both for three diﬀerent torsional spring thicknesses and
various spring lengths as shown in Sec. 2. Another prototype was designed and tested in 10 diﬀerent liquids. The evaluated
results of these measurements are shown in Sec. 3.
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Figure 1: a) Principles and photographs of ﬁrst prototypes allowing to record frequency responses in air, b) cross section and electrical equivalent circuit of
the prototype with a rotor carrying a single coil for excitation and readout by means of Lorentz-forces c) cross section and electrical equivalent circuit of
the rotor carrying two coils. One coil is used for excitation the other for read-out.
2. Conceptual study in air
The basic principles of the investigated oscillators and photographs of the manufactured prototypes are depicted in Fig. 1.
A copper wire was wound on a 3D printed bobbin which in turn was attached to tungsten rods serving as torsional springs.
These torsional springs were rigidly clamped with ﬁbre-glass blocks. The bobbin carrying the coil was placed into a magnetic
ﬁeld (denoted with B) provided by neodymium permanent magnets, set to torsional oscillations by means of Lorentz forces
on sinusoidal currents (Iin) in the coil, connected to a signal generator (Vg and 50 Ω output resistance). By sweeping the
excitation current’s frequency, the oscillator’s frequency response can be recorded. For this task, two basic principles were
investigated by either measuring the motion-induced voltage VM on the excitation coil itself (Fig. 1(b)) or using an additional
coil on which the motion induced voltage is measured (Fig. 1(c)). Lc and Rc are the coils’ inductances and resistances,
respectively and Vct is the induced voltage resulting from electrical crosstalk.
To investigate the functional principle of this torsional oscillator and to estimate the achievable range of resonance fre-
quencies and signal strengths, three tungsten rods with diameters of 0.58 mm, 1.6 mm and 2 mmwere used and the resonance
frequencies were evaluated for various lengths of the torsional springs. Fig. 2 shows the results of recorded frequency re-
sponses with the single coil setup (Fig. 1(b)) and evaluated resonance frequencies in air for tungsten rods with diameters of
0.58 mm and 1.6 mm for various spring lengths in comparison with theoretical results presented in [5]. These results proved
a principle feasibility of the concept and allowed designing a torsional resonator in a desired frequency range.
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Figure 2: Recorded frequency responses obtained with a ﬁrst prototype in air using a single coil for excitation and read-out.
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Figure 3: a) Exploded view of the torsional resonator used for measurements in liquids. Electrical connection of the (excitation and read-out coil) is
provided via the torsional springs and the brazed brass cylinders, which are clamped with brass screws to which connecting wires are soldered. b) shows an
illustration of the assembled, clamped setup, the direction of the external magnetic ﬁeld as well as the torsional oscillation. c) The upper photograph shows
the manufactured torsional oscillator. The lower photograph shows the complete setup including both permanent magnets and the torsional oscillator placed
in the experimental well which was ﬁlled with the sample liquids.
3. Conceptual study in liquids
The usage of a second coil did not show a major advantage in the obtained signals compared to the setup where only one
single coil is used for excitation and read-out. However, using only one coil has a major advantage for electrical connection.
In this particular case the (electrical conductive) torsional springs can be used for this task. In the case of a rotor consisting
of two coils, the usage of tubes would be necessary (serving as torsional springs) through which the coils’ wires have to be
threaded which might be a rather tedious manufacturing process. Fig. 3 shows the principle sketches and photographs of the
torsional resonator with which ﬁrst measurements in ten diﬀerent liquids were obtained.
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Figure 4: Measured amplitudes as well as evaluated resonance frequencies and quality factors for two liquid series.
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Viscosity Series T = 25◦C
mI
mA+mI
/ % η/(mPa·s) ρ/(g/cm3) fr/Hz Q
0 0.2069 0.7841 396.7101 128.9882
51 0.4334 0.7790 396.1034 104.4367
83 0.9803 0.7793 395.5993 70.2608
95 1.5764 0.7803 395.6055 67.8264
100 2.0543 0.7804 395.5568 63.2579
Density Series T = 25◦C
η/(mPa·s) ρ/(g/cm3) fr/Hz Q
1.0056 0.7849 395.7287 79.4215
0.9936 0.8411 395.1765 81.2325
1.0099 0.8931 394.7056 75.5854
1.0056 0.9870 394.5742 76.9228
0.9979 1.0073 394.4999 76.3655
Table 1: Left: Acetone-isopropanol solutions for viscosity measurements. Right: Solutions for mass density measurements.
One hundred turns of a copper wire with a diameter of 80 μm were wound on a 3D printed bobbin. Two tungsten rods
serving as torsional springs being brazed to two solid brass cylinders and both carrying a brazed brass platelet are put into the
bobbin on both sides. Each end of the coil is glued with electrical conductive glue to one brass platelet which is furthermore
used for a form-ﬁtted connection with epoxy resin poured into both sides of the bobbin which in turn is put into a POMC
plastics jacket. For not shortcutting the coil, it is essential that the tungsten rods do not get in contact. The brass cylinders are
put into a frame (including a well for containing the sample liquids) and are clamped with brass screws, which in turn can
be used for further electrical connection for power supply and read-out. Two neodymium magnets are used for providing a
magnetic ﬁeld necessary for excitation and read-out based on Lorentz-forces.
Recorded amplitudes as well as evaluated quality factors and resonance frequencies for two diﬀerent sets of liquid series
are depicted in Fig. 4. The values for the examined liquids’ viscosities η and mass densities ρ (which were determined with
an Anton Paar SVM 3000) as well as the mean values of associated, evaluated resonance frequencies fr and quality factors Q
are given in Tab. 1. The used liquid series are the so-called viscosity series and mass density series. The ﬁrst is a mixture of
Isopropanol and Acetone covering a viscosity range of 0.21 mPa·s to 2.05 mPa·s for mass densities of roughly 0.78 g/cm3.
The percentage of mass Isopropanol mI and mass Acetone mA is given in the left column of Tab. 1. The mass density series
cover a range of mass densities of 0.79 g/cm3 to 1.01 g/cm3 for viscosities of roughly 1 mPa·s and were prepared using
Acetone, Isopropanol, Ethanol, DI-water and glycerol. After mixing, the liquids were investigated with the SVM 3000.
These two liquid series are used to separately investigate experimentally the eﬀect of varying viscosities or mass densities on
fr and Q.
4. Conclusion and Outlook
With this concept study the principle functionality for viscosity and mass density sensing applications using an electro-
magnetically actuated and read-out torsional oscillator was shown.
Regarding future work, a more reliable clamping and housing has to be designed and manufactured aiming to obtain
more stable results. Furthermore, a complete analytical model comprising the structural and ﬂuid mechanics and relating
output to input signals has to be elaborated. Within further experiments, the cross-sensitivity to temperature, the maximum
measurable viscosities and the sensors sensitivities and resolution have to be investigated.
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